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@ Motor. 

© In a motor having a spindle (5) on which an inner race (8) of a ball bearing is mounted an outer 
peripheral surface of an end of the spindle (5) is formed into a knurled portion (16) on which is mounted 
the inner race (8) -which is fixed to the spindle (5) through an adhesive (18) filling a clearance between an 
inner surface of the inner race (8) and the knurled portion (16). An annular groove (19), formed in the 

5 m a ^T a J 6jaCe ^ tQ , ^ e knuried portion < 16 )' is also filied with the adhesive (18) to further fix 
the inner race (8) to the spindle (5), which improves the adhesive bond between the inner race (8) and the 

5S! t i )' ? n wh ,T t . he ba " bearing is a miniature °ne having a thin-wall inner race (8), there is no 
risk of deformation of the inner race (8) when the adhesive (18) is cured, and so the rotational accuracy of 
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THE PRESENT INVENTION relates to a machine 
having a spindle received in a bore of a component 
thereby fixed to the spindle. The invention is of par- 
ticular, but not exclusive, utility to the securing of the 
inner races of rolling element bearings, such as ball 5 
or roller bearings, to motor spindles, for example in 
motors employed in office equipment. 

It is known for an inner race of a ball bearing to 
be fixedly mounted on a spindle of a motor by means 
including a suitable adhesive, as described below by 10 
reference to Figures 5(a) and 5(b) of the accompany- 
ing drawings. 

Thus, 

(a) As shown in Figure 5(a), an annular groove, 
which is formed between a chamfered outer end 15 
portion of the motor spindle and a corresponding 
chamfered inner end portion of the inner race of 

the ball bearing, whereby the groove has a V- 
shaped form in cross section, is f i lied with the ad- 
hesive which is permitted to flow into an annular 20 
clearance formed between an outer peripheral 
surface of the spindle and an inner peripheral 
surface of the inner race of the ball bearing. The 
adhesive is allowed to cure in such annular clear- 
ance so as to fix the inner race of the ball bearing 25 
to the spindle of the motor. However, this first ap- 
proach is not reliable, because the adhesive sup- 
plied to the annular groove often does not flow 
well enough into the annular clearance formed 
between the spindle and the inner race of the ball 30 
bearing to provide an adequate adhesive bond 
therebetween. 

(b) As shown in Figure 5(b) in an attempt to over- 
come this difficulty it is known to reduce the di- 
ameter of the spindle over an end portion thereof 35 
to form a relatively large annular clearance be- 
tween the outer peripheral surface of the re- 
duced-diameter portion of the spindle and the in- 
ner peripheral surface of the inner race of the ball 
bearing. As a result, the adhesive supplied to the 40 
V-section annular groove formed at the end of the 
spindle/inner race combination can flow readily 

into this relatively large annular clearance and 
can be cured therein subsequently so as to fix the 
inner race of the ball bearing to the spindle of the 45 
motor. 

In a motor of a normal size, this second approach 
is adequate, because the annular clearance formed 
between the inner race and the spindle can be suffi- 
ciently filled with the adhesive to provide a good ad- 50 
hesive bond therebetween. 

This second approach cannot be used, however, 
to secure the inner race of a miniature ball bearing to 
the spindle of a miniature motor, because it has been 
found that the inner race of the miniature ball bearing 55 
can be deformed by forces arising when the adhesive 
is cured, or that, at any rate, the inner race may be 
misaligned with respect to the spindle axis after such 



curing. 

It is an object of the present invention to provide 
a motor having improved rotational accuracy, which 
motor is free from disadvantages inherent in the con- 
ventional motors described above; and, in particular, 
has an improved adhesive bond between an inner 
race of a ball bearing and a spindle of the motor 
whereby the inner race is fixed to the spindle in a re- 
liable manner. It is a further object of the invention to 
provide a technique in which the risk of deformation 
of the inner race due to curing of the fixing adhesive 
is avoided even when the inner race is a miniature 
one which is extremely thin in wall thickness. 

According to the invention there is provided a ma- 
chine provided with a spindle to which a component 
having a bore to receive said spindle is fitted, charac- 
terised in that said spindle has a portion of an outer 
peripheral surface thereof received within said inner 
race knurled, said component being mounted on said 
knurled portion of said spindle; and a clearance be- 
tween the surface of said bore of said component and 
the knurled portion of said spindle is filled with an ad- 
hesive through which said component is fixed to said 
spindle. 

Thus, in an embodiment of the present invention 
a motor is provided with a spindle, an outer peripheral 
surface of an end portion of which is knurled. An inner 
race of a ball bearing is mounted on the knurled por- 
tion of the spindle. An adhesive is permitted to flow 
into an annular clearance formed between such 
knurled portion of the spindle and an inner surface of 
the inner race of the ball bearing, and is cured therein 
so that the inner race of the ball bearing is fixed to the 
spindle of the motor. In the preferred embodiment of 
the present invention, there is further provided an an- 
nular peripheral groove disposed axially adjacent to 
the knurled portion of the spindle. The adhesive may 
flow also into this annular groove and fill it to further 
improve the adhesive bond between the inner race of 
the ball bearing and the spindle of the motor. 

Embodiments of the invention are described be- 
low by way of example with reference to the accom- 
panying drawings, in which:- 

FIGURE 1 is a longitudinal sectional view of an 
outer-rotor type motor embodying the present in- 
vention; 

FIGURE 2 is an enlarged cross-sectional view of 
the inner race of the ball bearing mounted on a 
knurled portion of the spindle of the motor of Fig- 
ure 1; 

FIGURE 3(a) is a fragmentary side view to an en- 
larged scale illustrating the knurled portion of the 
spindle in one form, 

FIGURE 3(b) is a fragmentary side view similar 
to Figure 3(a) but showing the knurled portion of 
the spindle in another form; 
FIGURE 4 is a longitudinal sectional view of an- 
other form of inner-rotor type motor embodying 
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the present invention; 

FIGURE 5(a) is a fragmentary side view similar 
to Figures 3(a) and 3(b) but showing a conven- 
tional mounting of an inner race of a ball bearing 
on the end of a motor spindle; and 5 
FIGURE 5(b) is a fragmentary side view similar 
to Figure 5(a) but showing another conventional 
arrangement. 

In the following, there is described, with reference 
to the drawings, a magnetic disk unit embodying the 10 
present invention. 

In Figure 1 there is shown in outer-rotor type mo- 
tor embodying the present invention, in which the ref- 
erence numeral 1 denotes a base. A sleeve-like yoke 
holder 2 provided with a bottom portion is mounted on 15 
a central portion of the base 1. Disposed around the 
yoke holder 2 is astatoryoke4 which is provided with 
an energizing coif 3. 

A spindle 5 has its lower portion fixedly mounted 
in a centre hole of the bottom portion of the yoke hold- 20 
er 2 and has its upper portion formed into a small di- 
ameter shaft portion, so that the spindle 5 is con- 
structed of a lower large-diameter shaft portion and 
the upper small-diameter shaft portion to form a step- 
ped shaft. 25 

Formed in an outer peripheral portion of the lower 
large-diameter shaft portion of the spindle 5 is a ball- 
running groove 6. An inner race 8 of a ball bearing unit 
is fitted to the small-diameter shaft portion of the 
spindle 5, and provided with a ball running groove 7 30 
in its outer peripheral portion. A sleeve portion 10 
forming an outer race of the ball bearing unit is inte- 
grally formed with a rotor 9 and extends downward 
from a lower surface of a central portion of the rotor 
9. Formed in an inner surface of the sleeve portion 10 35 
of the rotor 9 are a pair of ball-running grooves 11 and 
12 which are disposed opposite the ball-running 
grooves 6 and 7, respectively. A plurality of balls 13 
are disposed between the ball-running grooves 6 and 
11, while a plurality of balls 14 are disposed between 40 
the ball-running grooves 7 and 1 2. As is clear from the 
above description, the ball bearing unit, which com- 
prises the sleeve portion 1 0 of the rotor 9, balls 1 3 and 
14, inner race 8 and the ball-running groove 6, serves 
to mount the rotor 9 rotatably on the spindle 5. 45 

In Figure 1, the reference numeral 15 denotes a 
magnet which is mounted on an inner surface of a 
flange portion 9a of the rotor 9 so as to be opposite 
the stator yoke 4. 

At its upper end, the outer peripheral edge of the 50 
small-diameter portion of the spindle is chamfered. 
The outer peripheral surface of the small-diameter 
portion of the spindle adjacent its free end is knurled 
as indicated at 16 in Figure 3(a). An adhesive, for ex- 
ample an anaerobic adhesive 18, is permitted to fill 55 
an annular groove 17 which is formed between the 
chamfered portion of the upper end of the small- 
diameter portion of the spindle 5 and the inner periph- 



eral surface of the upper end of the inner race 8 of the 
ball bearing. As is clear from Figures 3(a) and 3(b), 
the annular groove 17 has a V-shaped form in cross 
section. The adhesive 1 8 thus supplied to the annular 
groove 1 7 flows into the space or spaces defined be- 
tween the race 8 and the knurled portion 16 of the 
small diameter portion of the spindle 5. The adhesive 
is allowed to harden in the space or spaces so as to 
fix the inner race 8 to the spindle 5. 

Various patterns of knurling may be applied to the 
spindle over the region 16. Thus, the knurling may 
comprise a pattern of straight grooves in the spindle 
surface, these grooves running parallel to the rota- 
tional axis of the spindle 5 as shown in Figure 1 . In a 
variant, as shown in Figure 3(a), the knurling may 
comprise a pattern of parallel oblique grooves angled 
relative to the rotational axis of the spindle 5, and thus 
extending helically over the surface of the spindle. 

In another variant, the knurling may comprise a 
pattern of two intersecting sets of grooves, each set 
comprising parallel grooves extending helically 
around spindle 5, the two sets having equal but op- 
posite pitch angles whereby a pattern or grid of dia- 
mond-shapes is defined between the intersecting 
grooves, as shown in Figure 3(b). Of these patterns, 
the pattern of straight lines shown in Figure 1 is most 
preferable. 

An additional, peripheral annular groove 19 is 
formed in the small-diameter portion of the spindle 5 
in an area adjacent to the knurled portion 16 of the 
spindle 5. The adhesive 18 is also permitted to fill 
such additional annular groove 19 to further improve 
the adhesive bond between the inner race 8 of the ball 
bearing and the small-diameter portion of the spindle 
5. 

It will be appreciated that, prior to curing of the ad- 
hesive 18, the inner race 8 of the ball bearing is press- 
fitted to the spindle 5 from the upper end thereof by 
applying a force to the inner race 8 so that the inner 
race 8 is adequately positioned relative to the spindle 
5. 

Figure 4 shows another form of inner- rotor type 
spindle motor embodying the present invention. As 
shown in Figure 4, the spindle 5 constructed of a step- 
ped shaft is mounted in a central hole of a bottom por- 
tion of the stator yoke holder 2 so as to extend upward 
from the bottom portion of the holder 2 which is pro- 
vided with a sleeve-like rib portion 2a. The stator yoke 
4 is mounted on an inner peripheral surface of the rib 
portion 2a of the stator yoke holder 2. 

In the embodiment of the invention shown in Fig- 
ure 4, the sleeve portion 10 of the main body of the 
ball bearing unit is integrally formed with the rotor 9 
in the lower surface of the central portion of the rotor 
9. 

The remaining construction of the main body of 
the ball bearing unit of the embodiment shown in Fig- 
ure 4 is the same as that of the main body of the ball 
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bearing unit of the embodiment shown in Figure 1, 
with the exception of the magnet 15 which is mounted 
on the outer peripheral portion of the sleeve portion 
10 of the ball bearing unit in the embodiment as 
shown in Figure 4. 5 

In the embodiment of Figure 4 the spindle 5 again 
has a knurled portion 1 6 and an annular groove 1 9 as 
described in relation to Figures 1 to 3(b) and the inner 
race 8 of the ball bearing is again fixed to the knurled 
portion 1 6 of the spindle 5 through the adhesive intro- 10 
duced between the race 8 and the knurled portion 16 
and into the annular groove 19 of the spindle 5. 

In the ball bearings of the motors of Figures 1 and 
4, the sleeve portion 10 of the rotor 9 also serves as 
an outer race of the ball bearing. It will be appreciated 15 
that, in a variant (not shown), instead of having the 
outer ball races of the ball bearings formed by an in- 
tegral part of rotor 9, it would be possible, following 
more conventional practice, to provide sleeve portion 
10 with a smooth bore receiving outer races of indi- 20 
vidually formed ball bearings each having an inner 
race push-fitted on the motor spindle. In such a vari- 
ant, it is still possible for the respective spindle por- 
tions received in such inner races to be knurled and 
grooved and secured to the inner races by adhesive, 25 
as described with reference to Figures 1 to 4 herein. 

Incidentally, in an inner or an upper surface of the 
flange portion 9a of the rotor 9, there is provided a 
printed circuit board connected with the coil 3 for ac- 
tuating the motor. Alternatively such printed circuit 30 
board may be mounted on the inner surface of the 
base 1 or yoke holder 2. Such printed circuit board is 
omitted in the drawings for the sake of clarity. 

Since the knurled portion 16 of the spindle 5, on 
which the inner race 8 of the ball bearing is mounted, 35 
has its entire outer peripheral surface covered with a 
layer of the adhesive 18, the adhesive bond formed 
between the inner race 8 and the knurled portion 16 
of the spindle 5 is increased in bonding area and 
bonding strength, which makes it possible to fix the 40 
inner race 8 to the spindle 5 in a reliable manner and 
improve rotational accuracy of the motor. 

Furthermore, even where the ball bearing used in 
a motor embodying the present invention is a minia- 
ture one, there is no risk of deformation of the inner 45 
race 8 when the adhesive 18 is cured, because the 
knurled portion 16 of the spindle 5 has its outer diam- 
eter formed within the allowable fitting tolerance of 
the inner race 8 of the ball bearing. Consequently, it 
is possible for the present invention to provide a motor 50 
with improved rotational accuracy. 

The features disclosed in the foregoing descrip- 
tion, in the following claims and/or in the accompany- 
ing drawings may, both separately and in any combin- 
ation thereof, be material for realising the invention in 55 
diverse forms thereof. 



Claims 

1. A machine provided with a spindle to which a 
component having a bore to receive said spindle 
is fitted, characterised in that said spindle has a 
portion of an outer peripheral surface thereof re- 
ceived within said inner race knurled, said com- 
ponent being mounted on said knurled portion of 
said spindle; and a clearance between the sur- 
face of said bore of said component and the 
knurled portion of said spindle is filled with an ad- 
hesive through which said component is fixed to 
said spindle, 

2. A machine according to claim 1 characterised in 
that said spindle is provided with an annular 
groove around its periphery in an area adjacent 
to said knurled portion; said component having 
said bore being mounted on said spindle so as to 
cover said knurled portion and said annular 
groove of said spindle; and wherein said annular 
groove, in addition to said clearance between the 
surface of said bore and said knurled portion of 
said spindle, is filled with said adhesive. 

3. A machine according to claim 1 which is an inner- 
rotor type motor and which comprises 

(a) a sleeve-like yoke holder (2) provided with 
a bottom portion mounted in a base (1); 

(b) a yoke (4) mounted on an outer peripheral 
portion of said yoke holder (2), said yoke (4) 
being provided with a coil (3); 

(c) a spindle (5) which is vertically mounted in 
a central portion of said bottom portion of said 
yoke holder (2) and which spindle is provided 
with a lower large-diameter portion and an up- 
per small-diameter portion; 

(d) a ball-running groove (6) formed in an out- 
er peripheral surface of the said lower large- 
diameter portion of said spindle (5); 

(e) an inner race (8) mounted on said upper 
small-diameter portion of said spindle (5), 
said inner race providing a ball-running 
groove (7) around its periphery; 

(f) a rotor (9) which carries a magnet (15) op- 
posite said yoke (4), said rotor (9) having a 
lower surface of its central portion integrally 
formed with a sleeve portion (1 0) which forms 
an outer race of ball bearing means mounting 
said rotor for rotation on said spindle, said 
sleeve portion 10 being disposed inside said 
yoke holder (2) and having its inner peripheral 
surface formed with a lower ball-running 
groove (11) for receiving a plurality of balls 
(13) disposed between said lower ball- 
running groove (11) and said ball-running 
groove (6) of said large-diameter portion of 
said spindle (5), said sleeve portion (10) hav- 
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ing its inner peripheral surface formed with an 
upper bail-running groove (12) for receiving a 
plurality of balls (14) disposed between said 
upper ball-running groove (12) and the ball- 
running groove (7) of said inner race (8), said 5 
ball bearing means including said sleeve por- 
tion (10) with said upper and lower grooves 
(11) and (12) therein, said inner race (8) and 
said ball running groove 11 on said spindle, 

the outer peripheral surface of an upper 10 
end portion of said small-diameter portion of said 
spindle (5) being said knurled portion (16) of said 
spindle; 

said inner race (8) of said ball bearing be- 
ing mounted on said knurled portion (16) of said 15 
spindle and being fixed to said spindle (5) through 
said adhesive in the clearance formed between 
said inner surface of said inner race (8) and said 
knurled portion (16) of said spindle. 



20 



4. A motor according to claim 3 wherein said rotor 
(9) is provided with a peripheral flange portion 
(9a) which carries said magnet on its inner side. 

5. A motor according to claim 3 wherein said rotor 25 
(9) carries said magnet on an outwardly directed 

side of said sleeve portion (10). 

6. A motor according to any preceding claim where- 
in said adhesive is an anaerobic adhesive. 30 
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F I G. 5 (a) 
P ri o r Art 



FIG. 5 (b) 
P ri o r Art 
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